The dynamic behaviour of turnouts is analysed using filed measurements from instrumented turnout crossings. The dynamic responses of each turnout arising from passing trains are measured using a mobile device. The main elements of the device are the three-dimensional acceleration sensor (to be installed at the crossing nose), the velocity sensor and the sleeper displacement sensor. The measured dynamic response of the turnout primarily comprise the accelerations of the crossing nose and the displacements of a sleeper recorded for the three dimensions.
Introduction
Railway turnouts are important elements of the railway infrastructure, which enables trains to be guided from one track to another at a railway junction as shown in Figure 1 .
Figure 1 Railway turnout and crossing nose
In this figure it can clearly be seen that at the location of the crossing nose the rail geometry (the inner rail) is discontinuous. Due to such a discontinuity the crossing nose experiences high impact loads from the wheels of passing trains. These forces initiate various types of damage to the crossing nose of the railway turnout ( Figure  2 ). Statistical evidence shows that failures in turnouts cause major operational disturbances in a railway network.
The train and turnout interaction has been analysed both numerically and experimentally in a number of research papers being published recently. Various numerical models for analysis of the dynamic behaviour of turnout can be found in [1] - [6] . Experimental analysis of the turnout behaviour is important as well. It was investigated in a number of papers usually for the purpose of numerical model validation [6] - [8] . In this paper the results of the measurements in the common crossing of turnouts are presented. The measurements were performed within the framework of the project investigating the effects of the vertical elasticity of turnout performance commissioned by ProRail (rail infrastructure provider in the Netherlands) [5] . In the first phase of this project the effects of the elastic elements (such as rail pads, under sleeper pads and ballast mats), vertical rail geometry and sleepers on the dynamic forces in the crossing nose were numerically investigated. The next step in this project was to verify the numerical findings using field measurement.
During the field tests the accelerations of the crossing nose and sleepers due to passing trains on different types of turnouts were measured. Other responses (e.g. fatigue areas on the crossing nose) were derived from the measured acceleration signals. Using the measurements some relationships between the types of the train, train velocities, crossing condition and type of sleepers on one hand and the forces in the crossing nose on the other were established.
The measurement device, the measured and derived data are described in Section 2.
The results of the performed field tests are presented and discussed in Section 4. Conclusions are given in Section 5.
Instrumented crossing
The measurement device used here is designed for analysis of the wheel-rail contact in the crossing area. The device consists of -The 3D acceleration sensor on a magnet which has to be placed at the side of the crossing nose ( Figure 3) -Two inductive sensors to be installed on the rail on before the crossing nose. Using the distance between the sensors the train velocity can be determined.
-The sleeper displacement sensor (optional) to be place on one of sleepers near the crossing nose -The main unit, wherein all the signals are received and synchronised. An example of the raw data i.e. the rail accelerations due to moving train is shown in Figure 4 . Other data used here, which is derived from the measured accelerations, is the maximum acceleration of the crossing nose caused by each wheel of the passing train. An example of such a plot is shown in Figure 6 . In this figure the maximum vertical, lateral and total accelerations of the rail per wheel are shown. Based on this data the wheel forces can be estimated and the quality of each wheel can be assessed. Figure 6 Maximum rail (crossing nose) accelerations due to wheels of passing train
Measurements
The measurements presented here were performed in three different locations in the Netherlands. The measured turnouts were with the angle 1:12 and 1:15 on concrete and wooden sleepers. The trains were passing these turnouts with the operational speed. An overview of the measured turnouts and the passed trains is given in Table  1 . Table 2 Comparison of crossing nose accelerations for turnouts with wooden and concrete sleepers
Turnout
Based on the measured accelerations it can be concluded that on the turnouts with the same angle and of the same condition the VIRM trains had a bit better defined fatigue area (the wheel contact distribution was narrower) than the DDAR trains as it is shown in Figure 9 . Also the wheel-rail contact forces of the locomotives (the DDAR trains) were much higher (up to factor 3) than the forces of the wagons as it is Figure 10 .
a. b. Figure 9 Wheel impact contact distribution of crossing nose, turnouts W3/W4 (Table 1) The high incidental impact accelerations observed in the measurement results were mostly due to bad wheels (valid for both the DDAR and VIRM trains) as it is shown in Figure 11 . From the measurement results it was also observed that the vertical accelerations were usually much higher than the lateral ones, which means that the vertical forces are mostly responsible for damage to the common crossings. 
Conclusions
The accelerations of the crossing nose of turnouts with the angle of 1:12 and 1:15 due to passing trains were measured (the VIRM, DDAR en ICE types). The vertical geometry in the crossing nose was obtained as well by manually measuring the distance from the wing rail to the crossing nose. Based on these measurements the impact distribution plots indicating the fatigue areas in the crossing nose for each passing wheel were obtained.
Based on the measured results it was concluded that the geometry of the crossing nose has strong influence on the location of the impact contact on the crossing nose and finally on its damage.
Also it could be seen that increasing vertical elasticity (by using the wooden sleepers) and reducing the sleeper weigh of the turnouts reduces the impact forces on the crossing nose. Also the type of the passing trains, the axle load and the condition of the wheel strongly affect the dynamic forces on the crossing nose.
